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(54) OPTICAL FIBER LINE, OPTICAL TRANSMISSION LINE, PRODUCTION METHOD OF OPTICAL 
CABLES AND METHOD OF LAYING OPTICAL TRANSMISSION LINES 



(57) An optical fiber line for transnnitting multi-wave- 
length optical signals in a wavelength multiplexing trans- 
mission system, an optical transmission line, a produc- 
tion method of optical cables, and a method of laying 
optical transmission lines. An optical fiber line compris- 
ing a plurality of positive-dispersion optical fibers, se- 
lected from a group of positive-dispersion optical fibers 
of which cumulative dispersion is based on the distribu- 
tions of average value D;^ (>0) and standard deviation 
Ga and having a positive wavelength dispersion in a sig- 



nal wavelength band, and a plurality of negalive-disper- 
sion optical fibers, selected from a group of negative- 
dispersion optical fibers of which cumulative dispersion 
is based on the distributions of average value D^ (<0) 
and standard deviation Oq and having a negative wave- 
length dispersion in a signal wavelength band, positive- 
dispersion optical fibers and negative-dispersion optical 
fibers being alternately disposed in a longitudinal direc- 
tion and connected together, thereby providing a high- 
transmission-quality, low-cost optical fiber line. 
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Description 
Technical Fieid 

5 [0001 ] The present invention relates to an optical fiber line for transmitting a plurality of wavelengths of optical signals 
in a wavelength division nnultiplexing (WDM) transmission system, an optica! transmission line, a method of making 
an optical cable, and a method of laying an optical transmission line. 

Bacicground Art 

10 

[0002] Along with demands for higher speed and larger capacity in optical communications, wavelength division 
multiplexing transmission techniques for transmitting a plurality of wavelengths of optical signals as being multiplexed 
have come into use. 

[0003] For enhancing the transmission quality of such wavelength division multiplexing transmission, optical fiber 
15 lines to become a transmission medium are required to have the following characteristics. As the absolute value of 

chromatic dispersion in the optical fiber line in a signal wavelength band (e.g., 1 .55-p.m wavelength band) is greater, 

the pulse wavef omi of optical signals is more likely to defomn, thereby deteriorating the transmission quality. Therefore, 

from such a viewpoint, it is desirable that the absolute value of chromatic dispersion In the optical fiber line be smaller. 

If the absolute value of chromatic dispersion in the signal wavelength band is smaller, on the other hand, then four- 
20 wave mixing, which is a kind of nonlinear optical phenomena, is more likely to occur, which causes cross talk and noise, 

thereby deteriorating the transmission quality. Therefore, from such a viewpoint, it is desirable that the absolute value 

of chromatic dispersion in the optical fiber line be greater 

[0004] For satisfying the two contradictory demands mentioned above, reference 1 - K. Nakajima, et aL, "Design of 
Dispersion Managed Fiber and its FWM suppression Performance," OFC'99 Technical Digest, ThG3 (1999) --, for 
25 example, discloses an optbal fiber line whose chromatic dispersion is periodically changed so as to become positive 
and negative in the longitudinal direction, so that the absolute value of chromatic dispersion is sufficiently small in the 
line as a whole but locally greater. Described as a method of periodically changing the chromatic dispersion of optical 
fiber line so as to become negative and positive in reference 1 are methods in which core and cladding diameters are 
periodically changed, methods in which dopant concentrations are periodically changed, and the like. 

30 

Disclosure of the Invention 

[0005] The inventors have studied the conventional techniques mentioned above and, as a result, have found a 
problem as follows. Namely, the optrcal fiber lines in accordance with the above-mentioned conventional techniques 
35 necessitate a complicated manufacturing step in which the core or cladding diameter is periodically changed or a 
dopant concentration is periodically changed, which is also very hard to control. Along with the complexity in manu- 
facturing steps and the difficulty in their control, the manufacturing cost rises as well. Therefore, in the case where an 
optical transmission line including a plurality of optical fiber lines is to be constructed in order to realize optical com- 
munications with a larger capacity, if the optical fiber lines in accordance with the above-mentioned conventional tech- 
no niques are used therefor, then there will occur a problem that the manufacturing cost rises greatly. 

[0006] Hence, it is an object of the present invention to overcome the above-mentioned problem, and provide an 
optical fiber line which has a higher transmission quality and can be constructed inexpensively, an optical transmission 
line, a method of making an optical cable, and a method of laying an optical transmission line. 
[0007] The optical fiber line in accordance with the present invention comprises a plurality of positive dispersion 
45 optical fibers, having a positive chromatic dispersion in a signal wavelength band, selected from a positive dispersion 
optical fiber group whose cumulative dispersion conforms to a distribution with an average value of D^ (> 0) and a 
standard deviation of a^; and a plurality of negative dispersion optical fibers, having a negative chromatic dispersion 
in the signal wavelength band, selected from a negative dispersion optical fiber group whose cumulative dispersion 
conforms to a distribution with an average value of Dg (< 0) and a standard deviation of ob; the positive and negative 
50 dispersion optical fibers being alternately arranged and coupled in a longitudinal direction. 

[0008] Without any complicated manufacturing steps and difficult control, positive and negative dispersion optical 
fibers are alternately coupled in this optical fiber line, whereby the absolute value of cumulative chromatic dispersion 
can be made sufficiently small in the optical fiber line as a whole, whereas chromatic dispersion can be kept from locally 
becoming zero. Also, since the positive and negative dispersion optical fibers are selected from the positive and neg- 
55 ative dispersion optical fiber groups, respectively, the cumulative dispersion in the optical fiber line as a whole can fall 
within a predetemiined range if the average values D^ and Dg and the standard deviations and are appropriately 
adjusted. 

[0009] Preferably, each of the positive dispersion optical fibers has a chromatic dispersion of 2 ps/nm/km or greater, 
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whereas each of the negative dispersion optical fibers has a chromatic dispersion of -2 ps/nm/km or snnaller. In this 
manner, the absolute value of chromatic dispersion can be made locally greater. 

[0010] Preferably, the average value of dispersion slope in the plurality of positive dispersion optical fibers and the 
average value of dispersion slope in the plurality of negative dispersion optical fibers have polarities different from each 
5 other. In this manner, a wavelength range in which the absolute value of chromatic dispersion becomes sufficiently 
small can be widened in the optical fiber line as a whole. 

[GD1 1] Preferably, each of the positive dispersion optical fibers and negative dispersion optical fibers has an effective 
area exceeding 50 ^un^. In this manner, nonlinear optical phenomena can be restrained from occurring. 
[0012] Preferably, the absolute value of dispersion slope in each of the positive dispersion optical fibers and the 
10 absolute value of dispersion slope in each of the negative dispersion optical fibers are each smaller than 0.03 ps/nm^/ 
km. In this manner, a wavelength range in which the absolute value of chromatic dispersion becomes sufficiently small 
can be widened in the optical fiber line as a whole. 

[0013] Preferably, the ratio of the mode field diameter of any of the negative dispersion optical fibers to the mode 
field diameter of any of the positive dispersion optical fibers is at least 0.8 but not exceeding 1.2. In this manner, loss 

15 can be lowered at junctions between the positive and negative dispersion optical fibers. 

[0014] Preferably, each of the positive dispersion optical fibers and negative dispersion optical fibers has a length 
of 5 km or shorter. Since the Interval between two repeaters connected to each other by an optical fiber line is usually 
about several tens of kilometers, an optical fiber line in which a plurality of positive dispersion optical fibers and a 
plurality of negative dispersion optical fibers are altemately coupled will be laid between the two repeaters if each of 

20 the positive and negative dispersion optical fibers has a length of 5 km or shorter. As a consequence, even when 
chromatic dispersion fluctuates more or less among the individual optical fibers, the absolute value of chromatic dis- 
persion in the optical fiber line as a whole can be made sufficiently small in terms of statistics. 

[0015] An optical transmission line will be constructed if a plurality of optical fiber lines, each mentioned above, are 

contained therein. 

25 [001 6] In this optical transmission line, a plurality of optical cables are arranged adjacent each other in a longitudinal 
direction; each optical cable containing a plurality of positive dispersion optical fibers, having a positive chromatic 
dispersion in a signal wavelength band, selected from a positive dispersion optical fiber group whose cumulative dis- 
persion confomns to a distribution with an average value of (> 0) and a standard deviation of and a plurality of 
negative dispersion optical fibers, having a negative chromatic dispersion in the signal wavelength band, selected from 

30 a negative dispersion optical fiber group whose cumulative dispersion confomns to a distribution with an average value 
of Dg (< 0) and a standard deviation of wherein, in first and second optical cables adjacent each other selected 
from the optical cables, the positive dispersion optical fibers contained in the first optical cable and the negative dis- 
persion optical fibers contained in the second optical cable are coupled to each other, whereas the negative dispersion 
' optical fibers contained in the first optical cable and the positive dispersion optical fibers contained in the second optical 

35 cable are coupled to each other. 

[001 7] Alternatively, the optical transmission line may be configured such that a positive dispersion optical cable and 
a negative dispersion optical cable are alternately arranged adjacent each other in a longitudinal direction; the positive 
dispersion optical cable containing a plurality of positive dispersion optical fibers, having a positive chromatic dispersion 
in a signal wavelength band, selected from a positive dispersion optical fiber group whose cumulative dispersion con- 

40 fonns to a distribution with an average value of (> 0) and a standard deviation of a^; the negative dispersion optical 
cable containing a plurality of negative dispersion optical fibers, having a negative chromatic dispersion in the signal 
wavelength band, selected from a negative dispersion optical fiber group whose cumulative dispersion conforms to a 
distribution with an average value of Db (< 0) and a standard deviation of Og; wherein the positive dispersion optical 
fibers contained in the positive dispersion optical cable and the negative dispersion optical fibers contained in the 

45 negative dispersion optical cable are coupled to each other. 

[0018] Preferably, the optical cables provided in the optical transmission line are manufactured by the following meth- 
od. 

[0019] Namely, the method comprises the steps of selecting a plurality of positive dispersion optical fibers having a 
positive chromatic dispersion in a signal wavelength band from a positive dispersion optical fiber group whose cumu- 

50 lative dispersion conforms to a distribution with an average value of {> 0) and a standard deviation of o^; selecting 
a plurality of negative dispersion optical fibers having a negative chromatic dispersion in the signal wavelength band 
from a negative dispersion optical fiber group whose cumulative dispersion confomns to a distribution with an average 
value of Db (< 0) and a standard deviation of Og; and using the plurality of positive dispersion optical fibers and the 
plurality of negative dispersion optical fibers so as to make a plurality of optical cables each containing positive and 

55 negative dispersion optical fibers. 

[0020] Altematively, the method comprises the steps of selecting a plurality of positive dispersion optical fibers having 
a positive chromatic dispersion in a signal wavelength band from a positive dispersion optica! fiber group whose cu- 
mulative dispersion conforms to a distribution with an average value of (> 0) and a standard deviation of a^; selecting 
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a plurality of negative dispersion optical fibers having a negative chronnatic dispersion in the signal wavelength band 
from a negative dispersion optical fiber group whose cunnulative dispersion confonns to a distribution with an average 
value of Db (< 0) and a standard deviation of and using the positive dispersion optical fiber so as to make a positive 
dispersion optical cable, and using the negative dispersion optical fiber so as to make a negative dispersion optical 
5 cable. 

[0021] Preferably, the optical transmission line is laid by the following method. 

[0022] Namely, the method comprises the steps of preparing a plurality of optical cables; each optical cablecontaining 
a plurality of positive dispersion optical fibers, having a positive chromatic dispersion in a signal wavelength band, 
selected from a positive dispersion optica! fiber group whose cumulative dispersion conforms to a distribution with an 

10 average value of (> 0) and a standard deviation of and a plurality of negative dispersion optical fibers, having a 
negative chromatic dispersion in th.^ signal wavelength band, selected from a negative dispersion optical fiber group 
whose cumulative dispersion confonns to a distribution with an average value of (< 0) and a standard deviation of 
Ob; and arranging the optical cables adjacent each other in a longitudinal direction such that, in first and second optical 
cables adjacent each other in the optical cables, the positive dispersion optical fibers contained in the first optical cable 

15 and the negative dispersion optical fibers contained in the second optical cable are coupled to each other, whereas 
the negative dispersion optical fibers contained in the first optical cable and the positive dispersion optical fibers con- 
tained in the second optical cable are coupled to each other 

[0023] Alternatively, the method comprises the steps of preparing a positive dispersion optical cable containing a 
plurality of positive dispersion optical fibers, having a positive chromatic dispersion in a signal wavelength band, se- 

20 lected from a positive dispersion optical fiber group whose cumulative dispersion conforms to a distribution with an 
average value of D^^ (> 0) and a standard deviation of 0^; preparing a negative dispersion optical cable containing a 
plurality of negative dispersion optical fibers, having a negative chromatic dispersion in the signal wavelength band, 
selected from a negative dispersion optical fiber group whose cumulative dispersion confomris to a distribution with an 
average value of Dq (< 0) and a standard deviation of Og; and alternately arranging the positive and negative dispersion 

25 optical cables in a longitudinal direction such that the positive dispersion optical fibers contained in the positive dis- 
persion optical cable and the negative dispersion optical fibers contained in the negative dispersion optical cable are 
coupled to each other. 

[0024] The present invention will become more fully understood from the detailed description given hereinbelow and 
the accompanying drawings. They are given by way of illustration only, and thus should not be considered limitative 
30 of the present invention. 

Brief Description of the Drawings 

[0025] 

35 

Fig. 1 is a schematic view showing a first embodiment of the optical transmission line containing a plurality of 
optical fiber lines in accordance with the present invention; 

Fig. 2 is a graph for explaining a positive dispersion optical fiber group and a negative dispersion optical fiber group; 
Fig. 3 is a view showing an example of coupling in which positive dispersion optrcal fibers and negative dispersion 
40 optical fibers contained in adjacent optical cables are coupled to each other; 

Fig. 4 Is a graph showing the distribution of dispersion accumulated In an optical fiber line as a whole in the case 
where an even number of optical cables are provided; 

Fig. 5 is a graph showing the distribution of dispersion accumulated In an optical fiber line as a whole in the case 
where an odd number of optical cables are provided; and 
45 Fig. 6 is a schematic view showing a second embodiment of the optical transmission line containing a plurality of 

optical fiber lines in accordance with the present invention. 

Best Mode for Carrying Out the Invention 

50 [0026] In the following, preferred embodiments of the optical fiber line, optical transmission line, method of making 
an optical cable, and method of laying an optical transmission line in accordance with the present invention will be 
explained with reference to the accompanying drawings. Here, the same reference numerals denote the same elements 
throughout the drawings, and a detailed description thereof will be omitted. 

[0027] To begin with, a first embodiment of the optical transmission line containing a plurality of optical fiber lines in 
55 accordance with the present invention will be explained. Fig. 1 is a view showing the configuration of the optical trans- 
mission line 10 in accordance with this embodiment. 

[0028] As shown in Fig. 1 , the optical transmission line 10 Is constituted by a plurality of optical cables 12 coupled 
to one another and is laid between optical repeaters 100. 
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[0029] Each of the plurality of optical cables 12 contains a plurality of positive dispersion optical fibers 14 having a 
positive chromatic dispersion in a 1.55-jijn wavelength band which is a signal wavelength band and a plurality of 
negative dispersion optical fibers 16 having a negative chromatic dispersion in the same 1 .5S-\i m signal wavelength 
band. The number of positive dispersion optical fibers 14 and the number of negative dispersion optical fibers 16 are 

5 identical to each other in the optical cable 12. 

[0030] Each of the positive dispersion optica! fibers 1 4 is an optical fiber selected from a positive dispersion optical 
fiber group whose cumulative dispersion at a predetennined wavelength (e.g., 1550 nm) confomnsto a distribution with 
an average value of (> 0) and a standard deviation of a^. Each of the negative dispersion optical fibers 16 is an 
optical fiber selected from a positive dispersion optical fiber group whose cumulative dispersion at a predetemiined 

10 wavelength (e.g., 1550 nm) confomis to a distribution with an average value of Dq (< 0) and a standard deviation of 
Gq. The positive and negative dispersion optical fiber groups will be explained later. 

[0031] Preferably, the positive dispersion optical fiber 1 4 has a chromatic dispersion of 2 ps/nnrVkm or greater In the 
1.55- |im wavelength band, whereas the negative dispersion optical fiber 16 has a chromatic dispersion of -2 ps/nm/ 
km or smaller In the 1 .55- ^im wavelength band. Preferably, the average value of chromatic dispersion in the plurality 
15 of positive dispersion optical fibers 14 in the 1 .55-iim wavelength band and the average value of chromatic dispersion 
in the plurality of negative dispersion optical fibers 1 6 in the 1 .55-|xm wavelength band have absolute values approx- 
imately identical to each other. 

[0032] Preferably, the average value of dispersion slope (differentiation of chromatic dispersion with respect to wave- 
lenglh) in Ihe plurality of positive dispersion optical fibers 1 4 in the 1 .55- \x. m wavelength band and the average value 
20 of dispersion slope in the plurality of negative dispersion optical fibers 16 in the 1 ,55-ii m wavelength band have po- 
larities different from each other. 

[0033] Preferably, each of the positive dispersion optical fiber 14 and negative dispersion optical fiber 16 has an 
effective area exceeding 50 |im2 and an absolute value of dispersion slope smaller than 0.03 ps/nm^/km. Preferably, 
the ratio of the mode field diameter of the negative dispersion optical fiber 1 6 to the mode field diameter of the positive 
25 dispersion optical fiber 14 is at least 0.8 but not exceeding 1 .2. 

[0034] By way of example, the positive dispersion optical fiber 1 4 and negative dispersion optical fiber 1 6 having the 
characteristics shown in Table 1 are preferably used. 



TABLE 1 
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CHARACTERISTIC 


POSITIVE DISPERSION OPTICAL 
FIBER 14 


NEGATIVE DISPERSION OPTICAL 
FIBER 16 


FIBER TYPE 


DISPERSION-FLATTENED FIBER 


DISPERSION-FLATTENED FIBER 


EFFECTIVE AREA (m2) 


50 TO 55 


50 TO 55 


CHROMATIC DISPERSION (ps/ 
nm/km) 


+2 TO +5 +2 TO +5 


-2 TO -5 -2 TO-5 


AVERAGE VALUE OF 
CHROMATIC DISPERSION (ps/ 
nm/km) 


+3.5 


-3.7 


DISPERSION SLOPE (ps/nm^/km) 


+0.01 TO+0.03 


-0.01 TO +0.01 


AVERAGE VALUE OF 
DISPERSION SLOPE (ps/nm2/km) 


+0.015 


-0.05 



45 

[0035] Each of the positive dispersion optical fiber 14 and negative dispersion optical fiber 16 has substantially the 

same length, which is 5 km or shorter. 

[0036] The plurality of optical cables 12 are arranged adjacent each other in the longitudinal direction thereof, such 
that, in first and second optical cables adjacent each other selected from the plurality of optical cables 1 2, the positive 

so dispersion optical fibers 1 4 contained in the first optical cable and the negative dispersion optical fibers 1 6 contained 
In the second optical cable are coupled to each other, whereas the negative dispersion optical fibers 16 contained In 
the first optical cable and the positive dispersion optical fibers 14 contained In the second optical cable are coupled to 
each other. As a result, the optical transmission line 10 contains a plurality of optical fiber lines 1 1 each comprising the 
positive dispersion optical fiber 14 and negative dispersion optical fiber 16 coupled to each other 

55 [0037] A method of making the optical cables 12 provided in the optical transmission line 1 0 In accordance with this 
embodiment will now be explained. 

[0038] First, for making the optical cables 12, as shown In Fig. 2, a positive dispersion optical fiber group A including 
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a plurality of optical fibers 14 having a positive chromatic dispersion in the 1 .55- |im wavelength band, which is the 
signal wavelength band, and a negative dispersion optical fiber group B including a plurality of optical fibers 1 6 having 
a positive chromatic dispersion in the 1 .55-p.nn wavelength band, which is the signal wavelength band, are prepared. 
[0039] In the positive dispersion optical fiber group A, the cumulative dispersion at a predetermined wavelength (e. 

5 g., 1550 nm) confonns to a Gaussian distribution having an average value of (> 0) and a standard deviation of o^. 
In the negative dispersion optical fiber group B, the cumulative dispersion at a predetermined wavelength (e.g., 1550 
nm) conforms to a Gaussian distribution having an average value of (< 0) and a standard deviation of ag. 
[0040] Preferably, the absolute value of the sum of average values and Is not greater than 20% of the average 
value Da, whereas the absolute value of the difference between standard deviations and Oq is not greater than 20% 

10 of the standard deviation O/^. 

[0041] Preferably, the average value is within the range of 5 to 50 ps/nm, whereas the standard deviation is 
within the range of 0 to 5 ps/nm. Preferably, the average value is within the range of -50 to -5 ps/nm, whereas the 
standard deviation <% is within the range of 0 to 5 ps/nm. 

[0042] Ideally, it is preferred that the average values and Dg have the same absolute value, while the standard 
15 deviations and are identical to each other. 

[0043] A plurality of positive dispersion optical fibers 1 4 are selected from the positive dispersion optical fiber group 

A, a plurality of negative dispersion optical fibers 16 are selected from the negative dispersion optical fiber group B, 

and thus selected positive dispersion optical fibers 14 and negative dispersion optical fibers 16 are bundled, so as to 

produce a plurality of optical cables 12. 
20 [0044] A method of laying the optical transmission line 1 0 in accordance with this embodiment will now be explained. 

First, for laying the optical transmission line 10 in accordance with this embodiment, a plurality of optical cables 12 

made by the above-mentioned method of making optical cables are prepared. 

[0045] Then, the plurality of optical cables 12 are arranged adjacent each other In the longitudinal direction such 
that, in first and second optical cables adjacent each other in the plurality of optical cables, the positive dispersion 

25 optical fibers 14 contained in the first optical cable and the negative dispersion optical fibers 1 6 contained in the second 
optical cable are coupled to each other, whereas the negative dispersion optical fibers 1 6 contained in the first optical 
cable and the positive dispersion optical fibers 14 contained in the second optical cable are coupled to each other. 
[0046] HerO: for example, as shown in Fig. 3, the positive dispersion optical fibers 14 and negative dispersion optical 
fibers 1 6 contained in the optical cable 12 are bundled like an array so as to form a ribbon 1 7, and a mark is provided 

30 on the positive dispersion optical fiber 14 side or negative dispersion optical fiber 16 side of the ribbon 17, whereby 
these fibers can easily be coupled to their corresponding positive dispersion optical fibers 14 and negative dispersion 
optical fibers 16 contained in the adjacent optical cable 12. 

[0047] The total cumulative dispersion in each optical fiber line 11 contained in the optical transmission line 10 in 
accordance with this embodiment will now be studied. 
35 [0048] For the sake of simplicity, the absolute value of cumulative dispersion in the positive dispersion optical 
fiber group A is assumed to be Dq, and the standard deviation be Oq- Let m be the number of optical cables 1 2, and 
D| [ps/nm] be the cumulative dispersion value of optical fibers contained in the i-th optical cable in the m pieces of 
optical cables 1 2. Then, the total cumulative dispersion value 0^^,^ of each optical fiber line 1 1 contained in the optical 
transmission line 1 0 is expressed as: 

40 




45 

[0049] Here, in the case where the number m of optical cables 12 is 2n (where n is a natural number), Dtotai <s 
distributed due to its statistical characteristic so as to yield an average value Dgy^ of 0 [ps/nm] and a standard deviation 
Ogye of m^^ -Oq [ps/nm] as shown in Fig. 4. 

[0050] In the case where the number m of optical cables 1 2 is 2n+1 (where n is a natural number), ED^otai distributed 
50 due to its statistical characteristic so as to yield an average value 0^^^ of +Do or -Dq [ps/nm] depending on whether 
the positive dispersion optical fibers 1 4 or negative dispersion optical fibers 1 6 have a greater number, and a standard 
deviation a^ve of m""^ - a q [ps/nm] as shown in Fig. 5. 

[0051] More specifically, it is assumed that, at a wavelength of 1550 nm, the positive dispersion optical fiber group 
A has an average value of dispersion of 3.5 [ps/nm/km] and a standard deviation of 0.5 [ps/nm/kmj. On the other hand, 
55 It is assumed that, at a wavelength of 1 550 nm, the negative dispersion optical fiber group B has an average value -Dq 
of dispersion of -3.5 [ps/nm/km] and a standard deviation of 0.5 [ps/nm/km]. Also, it is assumed that the optical fibers 
contained in the positive dispersion optical fiber group A and negative dispersion optical fiber group B each have a 
length of 4 [km]. Then the average value Dq of cumulative dispersion of the positive dispersion optical fiber group A is 
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14 [ps/nm] and a standard deviation a© is 2 [ps/nnn] at a wavelength of 1 550 nm. On the other hand, the average value 
-Do of cumulative dispersion of the negative dispersion optical fiber group B is -14 [ps/nm] and a standard deviation 
Gq is 2 [ps/nm] at a wavelength of 1550 nm. 

[0052] In the case where the number m of optical cables 1 2 is 20, which is an even number, the length of each optical 
5 fiber line 1 1 becomes 80 [km]. Then, the total cumulative dispersion value O^^^^ of each optical fiber line 1 1 is distributed 
so as to yield an average value D^^^ of 0 [ps/nm] and a standard deviation Gave 8 9 [ps/nm/km]. 
[0053] If the maximum fluctuation of total cumulative dispersion value Dtojai In each optical fiber line 11 is estimated 
by average value Dave ± (standard deviation Ogve ^ 3), then the total cumulative dispersion value 

'^totaj ©3ch Optical 

fiber line 11 is presumed to fall within the range of ±27 [ps/nm] (±0.34 [ps/nm/km]). 

10 [0054] In the case where the number m of optical cables 1 2 is 21 , which is an odd number, the length of optical fiber 
line 11 becomes 84 [km]. Then, the total cumulative dispersion value 0^^^^ of each optical fiber line is distributed so 
as to yield an average value D^^e of +14 or -14 [ps/nm] and a standard deviation 0^^^ of 9.2 [ps/nm/km], 
[0055] If the maximum fluctuation of total cumulative dispersion value D^^^j^ in each optical fiber line 11 is estimated 
by average value Day^ ± (standard deviation Cgve x 3). then the total cumulative dispersion value Dtotaj ©^^^ optical 

15 fiber line 11 is presumed to fall within the range of ±42 [ps/nm] (±0.5 [ps/nm/km]). 

[0056] Here, though the length of each optical fiber becomes 2 [km] if the length of optical fiber line 11 is 82 [km], 
for example, the total cumulative dispersion value D^^^^^ would not exceed the above-mentioned range of ±42 [ps/nm]. 
[0057] Let the optical transmission line 1 0 containing a plurality of optical fiber lines 11 , each yielding a total length 
of 84 [km] and a total cumulative dispersion value Dtotai [ps/nm], be one span of optical amplification and relay. 

20 If six spans (504 km) of optical transmission line is constructed, for example, then its total cumulative dispersion will 
be ± 252 [ps/nm] at the worst. Its absolute value is sufficiently smaller than the permissible cumulative dispersion value 
of 1 000 [ps/nm] required for transmission at a transmission speed of 1 0 Gb/s. 

[0058] Though the case where the dispersion per unit length of each optical fiber fluctuates while individual optical 
fibers are assumed to have a constant length is considered for the sake of simplicity when studying the total cumulative 

25 dispersion of each optical fiber line 11 contained in the optical transmission line 10, the total cumulative dispersion of 
each optical fiber line 11 may be studied while additionally taking account of fluctuations In the length of optical fibers. 
[0059] Operations and effects of the optical transmission line in accordance with this embodiment will now be ex- 
plained. Since a plurality of optical cables 12 each containing a plurality of positive dispersion optical fibers 14 and a 
plurality of negative dispersion optical fibers 1 6 are arranged adjacent each other in the longitudinal direction thereof, 

30 such that the positive dispersion optical fibers 14 and negative dispersion optical fibers 16 are coupled to each other, 
the optical transmission line 1 0 in accordance with this embodiment contains a plurality of optical fiber lines 1 1 in which 
the positive dispersion optical fibers 1 4 and the negative dispersion optical fibers 1 6 are altemately coupled. Therefore, 
without any complicated manufacturing steps and difficult control, the optical transmission line 1 0 attains a configuration 
containing a plurality of optical fiber lines 1 1 which have a sufficiently small absolute value of dispersion and keep the 

35 absolute value of chromatic dispersion from locally becoming zero. As a result, pulse waveforms are prevented from 
defomning, and four-wave mixing is restrained from occurring, whereby the transmission quality of optical transmission 
line 10 can be enhanced, and the optical transmission line 10 can be constructed inexpensively. 
[0080] Also, each of the positive dispersion optical fibers 14 is an optical fiber selected from the positive dispersion 
optical fiber group A whose cumulative dispersion conforms to a Gaussian distribution having an average value of 

40 (> 0) and a standard deviation of g^, whereas each of the negative dispersion optical fibers 1 6 is an optical fiber selected 
from the negative dispersion optical fiber group B whose cumulative dispersion conforms to a Gaussian distribution 
having an average value of Dg (< 0) and a standard deviation of o^. Therefore, if the average values D;^ and Dq and 
standard deviations Oa and Gq are adjusted appropriately then the cumulative dispersion in the optical fiber line 11 as 
a whole can fall within a predetermined range, whereby the transmission quality of optical transmission line 1 0 can be 

45 improved, and it is possible to construct the optical transmission line 1 0 suitable for large-capacity optical communi- 
cations using a high bit rate and a wavelength division multiplexing system. 

[0061] If the positive dispersion optical fiber 14 has a chromatic dispersion of 2 ps/nm/km or greater in the 1 .55-|im 
wavelength band while the negative dispersion optical fiber 16 has a chromatic dispersion of -2 ps/nm/km or smaller 
in the 1.55-^m wavelength band in the optical transmission line 10 in accordance with this embodiment, then the 
so absolute value of chromatic dispersion can be made locally greater. As a result, the effect of suppressing four-wave 
mixing enhances, and the transmission quality further improves. 

[0062] If the average value of chromatic dispersion in the plurality of positive dispersion optical fibers 14 and the 
average value of chromatic dispersion in the plurality of negative dispersion optical fibers 16 have absolute values 
approximately identical to each other, then chromatic dispersion can become substantially zero in the whole optical 
55 fiber line 11 constituted by the positive dispersion optical fibers 14 and negative dispersion optical fibers 1 6 alternately 
coupled to each other. As a result, optical signal hardly deforms its pulse wavefomn, whereby the transmission quality 
further Improves. 

[0063] If the average value of dispersion slope in the plurality of positive dispersion optical fibers 1 4 and the average 
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value of dispersion slope in the plurality of negative dispersion optical fibers 1 6 have polarities different from each other 
in the optical transmission line in accordance with this embodiment, a wavelength range in which the absolute va ue 
of chromatic dispersion becomes sufficiently small can be widened in the whole optical fiber line 11 constituted by the 
positK^e dispersion optical fibers 14 and negative dispersion optical fibers 16 alternately coupled to each other As a 
5 result, the number of wavelengths subjected to wavelength division multiplexing can be enhanced, whereby a larger 

capacity is realized in optical communications. 

rO064] If the positive dispersion optical fiber 1 4 and negative dispersion optical fiber 1 6 each have an effective area 
exceeding 50 Rm2 in the optical transmission line 1 0 in accordance with this embodiment, nonlinear optical phenomena 

can be restrained from occurring. • • 
10 r00651 If the absolute value of dispersion slope in the positive dispersion optical fiber 14 and negative dispersion 
ODticalfiber 16 is smallerthan 0.03 ps/nm2/km in the optical transmission line 10 in accordance with this eriibodiment 
then a wavelength range in which the absolute value of chromatic dispersion becomes sufficiently small can be widened 
in the optical fiber line 11 as a whole. ^ » . 
r00661 If the ratio of the mode field diameter of the negative dispersion optical fiber 1 6 to the mode field diameter of 
15 Ihe positive dispersion optical fiber 1 4 is at least 0.8 but not exceeding 1 .2 in the optical transmission line 10 in ac- 
cordance with this embodiment, loss can be lowered at the junction between the positive dispersion optical fiber 14 
and neqative dispersion optical fiber 16. , , = u~ 
rO067] If the positive dispersion optical fiber 14 and negative dispersion optical fiber 16 each have a length of 5 km 
or shorter and the optical fiber line 11 comprising a number of positive dispersion optical fibers 14 and negative dis- 
20 persion optical fibers 1 6 altemately coupled to each other is constructed in the optical transmission line 1 0 in accordance 
with this embodiment, then the absolute value of chromatic dispersion in the optical fiber line 11 as a whole can suffi- 
ciently be made smaller in temis of statistics even when chromatic dispersion fluctuates more or less among the indi- 
vidual optical fibers. , . . ,„ 

roo68] A second embodiment of the optical transmission line including a plurality of optical fiber lines m accordance 
25 with the present invention will now be explained. Fig. 6 is a view showing the configuration of the optical transiriission 
line 30 in accordance with this embodiment. The optical transmission line 30 in accordance with this embodiment differs 
from the optical transmission line 10 in accordance with the first embodiment in the following points. In the optical 
transmission line 1 0 in accordance with the first embodiment, a plurality of optical cables 1 2 each containing a plurality 
of positive dispersion optical fibers 14 and a plurality of negative dispersion optical fibers 16 are an-anged adjacen 
30 each other in its longitudinal direction such that the positive dispersion optical fibers 1 4 and negative dispersion optical 
fibers 16 are coupled to each other. In the optical transmission line 30 in accordance with the second embodiment, by 
contrast as shown in Fig. 6. a positive dispersion optical cable 32 containing a plurality of positive dispersion optical 
fibers 14 and a negative dispersion optical cable 34 containing a plurality of negative dispersion optical fibers 16 are 
an-anged adjacent each other in the longitudinal direction such that the positive dispersion optical fibers 14 and negative 
35 dispersion optical fibers 16 are coupled to each Other. ,^^M^r,r> 
rO069] Here the number of positive dispersion optical fibers 14 contained in the positive dispersion optical cable 32 
and the number of the negative dispersion optical fibers 16 contained in the negative dispersion optical cable 34 are 
identical to each other. Also, each of the positive dispersion optical fibers 14 and negative dispersion optical ftoers 16 
has substantially the same length, which is 5 km or shorter. w,^ o>, „„„iHaH 

[0070] A method of making the positive dispersion optical cable 32 and negative dispersion optical cable 34 provided 
in the optical transmission line 30 in accordance with the second embodiment will now be explained. 
r0071] For making the positive dispersion optical cable 32 and negative disperston optical cable 34 in accordance 
with the second embodiment, as in the first embodiment, a positive dispersion optical fiber group A containing a P>"rality 
of positive dispersion optical fibers 14 having a positive chromatic dispersion in the 1 .55-nm wavelength band, which 

15 a signal wavelength band, and a negative dispersion optical fiber group B containing a plurality of negative dispersion 
optical fibers 16 having a negative chromatic dispersion Inthe 1 55-nm wavelength band, which Is a signal wavelength 
band, are prepared as shown in Fig. 2. ^ ^ . j . 
[0072] In the positive dispersion optical fiber group A, the cumulative dispersion at a predetermined wavelength (e. 
q 1550 nm) conforms to a Gaussian distribution having an average value of Da (> 0) and a standard deviation of o^. 

so in'the negative disperaion optical fiber group B. the cumulative dispersion at a predetermined wavelength (e.g., 1550 
nm) conforms to a Gaussian distribution having an average value of (< 0) and a standard deviation of Ob- 
r00731 A plurality of positive dispersion optical fibers 14 are selected from the positive dispersion optical fiber group 
A so as to produce the positive dispersion optical cable 32, whereas a plurality of negative dispersion optical fibers 

16 are selected from the negative dispersion optical fiber group B. so as to produce the negative dispersion optical 
55 cabl6 34 

r00741 A method of laying the optical transmission line 30 in accordance with this embodiment will now be explained. 
For laying the optical transmission line 30 in accordance with this embodiment, the positive dispersion optical cable 
32 and negative dispersion optical cable 34 made by the above-mentioned manufacturing method are altemateV ar- 
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ranged adjacent each other in the longitudinal direction such that the positive dispersion optical fibers 14 contained in 
the positive dispersion optical cable 32 and the negative dispersion optical fibers 1 6 contained in the negative dispersion 
optical cable 34 are coupled to each other. 

[0075] Since the positive dispersion optical cable 32 containing a plurality of positive dispersion optical fibers 1 4 and 
5 the negative dispersion optical cable 34 containing a plurality of negative dispersion optical fibers 1 6 are arranged 
adjacent each other in the longitudinal direction such that the positive dispersion optical fibers 1 4 and negative disper- 
sion optical fibers 16 are coupled to each other, the optical transmission line 30 in accordance with this embodiment 
contains a plurality of optical fiber lines 31 in which the positive dispersion optical fibers 14 and the negative dispersion 
optical fibers 16 are alternately coupled. Therefore, without any complicated manufacturing steps and difficult control, 
10 It attains a configuration containing a plurality of optical fiber lines 31 which have a sufficiently small absolute value of 
dispersion and keep the absolute value of chromatic dispersion from locally becoming zero. As a result, pulse wave* 
forms are prevented from deforming, and four-wave mixing Is restrained from occurring, whereby the transmission 
quality of optical transmission line 30 can be enhanced, and the optical transmission line 30 can be constructed inex- 
pensively. 

15 [0076] Also, each of the positive dispersion optical fibers 14 is an optical fiber selected from the positive dispersion 
optical fiber group A whose cumulative dispersion conforms to a Gaussian dirtribution having an average value of 
(> 0) and a standard deviation of a^, whereas each of the negative dispersion optical fibers 1 6 Is an optical fiber selected 
from the negative dispersion optical fiber group B whose cumulative dispersion conforms to a Gaussian distribution 
having an average value of Db (< 0) and a standard deviation of Oq. Therefore, if the average values D/^ and and 

20 standard deviations and Gg are adjusted appropriately, then the cumulative dispersion In the optical fiber line 31 as 
a whole can fall within a predetermined range, whereby the transmission quality of optical transmission line 30 can be 
Improved, and It Is possible to construct the optical transmission line 30 suitable for large-capacity optical communi- 
cations using a high bit rate and a wavelength division multiplexing system. 

[0077] Further, since the optical transmission line 30 in accordance with this embodiment is constructed by use of 
25 a plurality of positive dispersion optical cables 32 each containing a plurality of positive dispersion optical fibers 1 4 and 
a plurality of negative dispersion optical cables 34 each containing a plurality of negative dispersion optical fibers 16, 
the positive dispersion optical fibers 1 4 and negative dispersion optical fibers 1 6 will naturally be coupled to each other 
if only the positive dispersion optical cables 32 and negative dispersion optical cables 34 are alternately arranged 
adjacent-each other, and the respective optical fibers contained therein are coupled to each other. As a consequence, 
30 coupling errors (e.g., errors such as the coupling of positive dispersion optical fibers 14 to each other) can be prevented 
from occurring, whereby reliability and stability improve in the work of laying. 

[0078] •v.From the foregoing explanations of the Invention, It will be obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure from the spirit and scope of the invention, and all such modlfi- 
cations^s would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 

35 

Industrial Applicability 

[0079] Since positive and negative dispersion optical fibers are alternately coupled, the optical fiber line of the present 
invention, without any complicated manufacturing steps and difficult control, can attain a sufficiently small absolute 
40 value of cumu lative chromatic dispersion in the optical fiber line as a whole and can keep the absolute val ue of chromatic 
dispersion from locally becoming zero. As a result, pulse waveforms are prevented from deforming, and four-wave 
mixing is restrained from occurring, whereby the transmission quality of optical fiber line can be enhanced, and the 
optical fiber line can be constructed inexpensively. 

[0080] Also, since each of the positive dispersion optical fibers is an optical fiber selected from a positive dispersion 
45 optical fiber group whose cumulative dispersion confomns to a distribution with an average value of D;^ (> 0) and a 
standard deviation of 0^, whereas each of the negative dispersion optical fibers is an optical fiber selected from a 
negative dispersion optical fiber group whose cumulative dispersion conforms to a distribution with an average value 
of Dq (< 0) and a standard deviation of Og, the cumulative dispersion in the optical fiber line as a whole can fall within 
a predetermined range if the average values D;^ and and the standard deviations Op, and gq are appropriately 
so adjusted, whereby the transmission quality of optical fiber line can improve, thus making it possible to construct the 
optical transmission line suitable for large-capacity optical communications using a high bit rate and a wavelength 
division multiplexing system. 

55 Claims 

1 . An optical fiber line comprising: 
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a plurality of positive dispersion optical fibers, having a positive chromatic dispersion in a signal wavelength 
band, selected from a positive dispersion optical fiber group whose cumulative dispersion confonns to a dis- 
tribution with an average value of (> 0) and a standard deviation of OaI and 

a plurality of negative dispersion optical fibers, having a negative chromatic dispersion in the signal wavelength 
band, selected from a negative dispersion optical fiber group whose cumulative dispersion confonns to a 
distribution with an average value of Dg (< 0) and a standard deviation of Og; 

said positive and negative dispersion optical fibers being altemately an-anged and coupled in a longitudinal 
direction. 

An optical fiber line according to claim 1, wherein each of said positive dispersion optical fibers has a chromatic 
dispersion of 2 ps/nm/km or greater, and wherein each of said negative dispersion optical fibers has a chromatic 
dispersion of -2 ps/nm/km or smaller 

An optical fiber line according to claim 1 , wherein the average value of dispersion slope in said plurality of positive 
dispersion optical fibers and the average value of dispersion slope in said plurality of negative dispersion optical 
fibers have polarities different from each other. 

An optical fiber line according to claim 1 , wherein each of said positive dispersion optical fibers and negative 
dispersion optical fibers has an effective area exceeding 50 ^.m^. 

An optical fiber line according to claim 1 , wherein the absolute value of dispersion slope in each of said positive 
dispersion optical fibers and the absolute value of dispersion slope in each of said negative dispersion optical 
fibers are each smaller than 0.03 ps/nm^/km. 

An optical fiber line according to claim 1 , wherein the ratio of the mode field diameter of any of said negative 
dispersion optical fibers to the mode field diameter of any of said positive dispersion optical fibers is at least 0.8 
but not exceeding 1 .2. 

An optical fiber line according to claim 1 , wherein each of said positive dispersion optical fibers and negative 
dispersion optical fibers has a length of 5 km or shorter. 

An optfcal transmission line containing a plurality of optical fiber lines according to claim 1 , 

said optical transmission line comprising a plurality of optical cables arranged adjacent each other in a longi- 
tudinal direction; each said optical cable containing a plurality of positive dispersion optical fibers, having a 
positive chromatic dispersion in a signal wavelength band, selected from a positive dispersion optical fiber 
group whose cumulative dispersion confonns to a distribution with an average value of (> 0) and a standard 
deviation of and a plurality of negative dispersion optical fibers, having a negative chromatic dispersion in 
the signal wavelength band, selected from a negative dispersion optical fiber group whose cumulative disper- 
sion confonns to a distribution with an average value of (< 0) and a standard deviation of Og; 
wherein, in first and second optical cables adjacent each other selected from said optical cables, said positive 
dispersion optical fibers contained in said first optical cable and said negative dispersion optical fibers con- 
tained in said second optical cable are coupled to each other, whereas said negative dispersion optical fibers 
contained in said first optical cable and said positive dispersion optical fibers contained in said second optical 
cable are coupled to each other. 

An optfcal transmission line containing a plurality of optical fiber lines according to claim 1 , 

said optical transmission line comprising a positive dispersion optical cable and a negative dispersion optical 
cable which are altemately an-anged adjacent each other in a longitudinal direction; said positive dispersion 
optical cable containing a plurality of positive dispersion optical fibers, having a positive chromatic dispersion 
in a signal wavelength band, selected from a positive dispersion optical fiber group whose cumulative disper- 
sion conforms to a distribution with an average value of D^^ (> 0) and a standard deviation of a^; said negative 
dispersion optical cable containing a plurality of negative dispersion optical fibers, having a negative chromatic 
dispersion in the signal wavelength band, selected from a negative dispersion optical fiber group whose cu- 
mulative dispersion confonns to a distribution with an average value of Dq (< 0) and a standard deviation of Oq; 
wherein said positive dispersion optical fibers contained in said positive dispersion optical cable and said 
negative dispersion optical fibers contained in said negative dispersion optical cable are coupled to each other. 
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10. A method of making an optica! cable in which the optical cables provided in the optical transmission line according 
to claim 8 are made, said method comprising the steps of: 

selecting a plurality of positive dispersion optical fibers having a positive chromatic dispersion in a signal 
5 wavelength band from a positive dispersion optical fiber group whose cumulative dispersion conforms to a 

distribution with an average value of D;^ (> 0) and a standard deviation of ap^; 

selecting a plurality of negative dispersion optical fibers having a negative chromatic dispersion In the signal 
wavelength band from a negative dispersion optical fiber group whose cumulative dispersion confomns to a 
distribution with an average value of Dg (< 0) and a standard deviation of Gq, and 
10 using said plurality of positive dispersion optical fibers and said plurality of negative dispersion optical fibers 

so as to make a plurality of optical cables each containing positive and negative dispersion optical fibers. 

11. A method of making an optical cable In which the positive dispersion optical cable and negative dispersion optical 
cable provided in the optical transmission line according to claim 9 are made, said method comprising the steps of: 

15 

selecting a plurality of positive dispersion optical fibers having a positive chromatic dispersion in a signal 
wavelength band from a positive dispersion optical fiber group whose cumulative dispersion confomns to a 
distribution with an average value of D^^ (> 0) and a standard deviation of o^; 

selecting a plurality of negative dispersion optical fibers having a negative chromatic dispersion in the signal 
20 wavelength band from a negative dispersion optical fiber group whose cumulative dispersion conforms to a 

distribution with an average value of Dq (< 0) and a standard deviation of og; and 

using said positive dispersion optical fiber so as to make a positive dispersion optical cable, and using said 
negative dispersion optical fiber so as to make a negative dispersion optical cable. 

25 12. A method of laying the optical transmission line according to claim 8, said method comprising the steps of: 

preparing a plurality of optical cables; each said optical cable containing a plurality of positive dispersion optical 
fibers, having a positive chromatic dispersion in a signal wavelength band, selected from a positive dispersion 
■optical fiber group whose cumulative dispersion conforms to a distribution with an average value of (> 0) 
30 and a standard deviation of o^ and a plurality of negative dispersion optical fibers, having a negative chromatic 

dispersion in the signal wavelength band, selected from a negative dispersion optical fiber group whose cu- 
-r mulative dispersion conforms to a distribution with an average value of (< 0) and a standard deviation of 
Gg; and 

^arranging said optical cables adjacent each other in a longitudinal direction 
35 such that, in first and second optical cables adjacent each other in said optical cables, said positive dispersion 

optical fibers contained in said first optical cable and said negative dispersion optical fibers contained in said 
second optical cable are coupled to each other, whereas said negative dispersion optical fibers contained in 
said first optical cable and said positive dispersion optical fibers contained in said second optical cable are 
coupled to each other. 

40 

13. A method of laying the optical transmission line according to claim 9, said method comprising the steps of: 

preparing a positive dispersion optical cable containing a plurality of positive dispersion optical fibers, having 
a positive chromatic dispersion in a signal wavelength band, selected from a positive dispersion optical fiber 
45 group whose cumulative dispersion conforms to a distribution with an average value of (> 0) and a standard 

deviation of O/^; 

preparing a negative dispersion optical cable containing a plurality of negative dispersion optical fibers, having 
a negative chromatic dispersion in the signal wavelength band, selected from a negative dispersion optical 
fiber group whose cumulative dispersion conforms to a distribution with an average value of (< 0) and a 
50 standard deviation of a^; and 

altemately arranging said positive and negative dispersion optical cables in a longitudinal direction 

such that said positive dispersion optical fibers contained in said positive dispersion optical cable and said 

negative dispersion optical fibers contained in said negative dispersion optical cable are coupled to each other. 
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